Global warming is the major problem of the modern world due to environmental pollution, where hazardous waste disposal poses threat to the environment. USA is urbanized country but still going through hard time due to indecorous management of hazardous waste. To manage such problem are always difficult for the related parties because every individual have their own judgement. Which is difficult to put everyone opinions together for the decision making. The objective of this study was to elucidate hazardous waste problem of USA. This paper espouses VIKOR (VIseKriterijumska Optimizacija I Kompromisno Resenje) methods which is prevalent method applied in multi-criteria analysis (MCA). The empirical studies ranked each state of USA from best to worst for hazardous waste management and will help EPA (environmental protection agency) to improve hazardous waste of each state by comparing with the best.
Introduction
Hazardous waste is any unsolicited material or solid waste which is disposed in open environment and causes threat to it. It can be in any form such as explosive, emitting radiation, eroding materials, toxic etc. Sources of hazardous waste are timber treatment, petroleum product, metal finished, industrial waste, hospital waste etc. There are numerous ways to extravagance those waste such as neutralization, reduction, oxidation, hydrolysis, microorganisms, incineration, encapsulation and separation etc. It indicates identification and confirmation of the chemical and physical properties of waste, where this is done either by testing or applying knowledge of waste. If such hazardous waste were well managed then there would be clean environment and also not essential to perform any site remediation. Hazardous waste management prominence on hazardous waste storage necessities, above ground storage tanks, underground storage tanks, hazardous waste handling, hazardous waste transportation and disposal. In competitive worlds all countries are rushing towards development and most of the hazardous waste is generated by developed countries such as USA. A waste is considered hazardous when it stances a threat to human health or the environment stated by USA Resource Conservation and Recovery Act (RCRA) of 1978. Speedy improvement and upgrading of various industries machineries, products and practices normally increase the generation rate of hazardous substances.
As stated above most of hazardous waste producers are developed country and same as to USA. From oral view, related parties might find that USA is well managed and free of hazardous waste but the truth is different. Lot of projects in waste were piloted but many of them fail to achieve their goals, bring out social and environmental glitches in the community (Ng et al., 2001; Chui, 2003) . Fung (2001) indorsed sustainability idea with the particular authorities and the related parties attempt to progress the design proposal. Competitive world makes rapid improvement of industrial technologies, products and practices frequently additionally alongside also generates hazardous waste. In this research hazardous waste data, information and condition in USA is collected by EPA (environmental protection agency). Evidence is achieved of the chemical and physical properties needed to effectively canned, process or regulatory, stored or disposed of the waste in accordance with authorization. Every state of USA has their own treatment facilities and those facilities have information of the safe and effective treatment of hazardous waste. It seems that it is well managed but the evidence is given by this study that still there is lot to improve in the hazardous management. To know the condition of hazardous waste of each states some important variables are taken in consideration for analysis i.e. waste generated, received and managed, shipped offsite, received for transfer storage, population density and number of facilities. In order to ensure that final result is winning over author have used VIKOR method, which is popular method applied in MCA (multi-criteria analysis). The VIKOR (VIseKriterijumska Optimizacija I Kompromisno Resenje) in other word means Multicriteria Optimization and Compromise Solution. The goal of this study is to manage hazardous waste of USA by comparing with the best ranked hazardous waste manage state, giving related officials to take idea from the well managed state and how they follow steps to manage hazardous waste to achieve pollution prevention and human health protection at the source of hazardous waste. Study will also show the condition of hazardous waste, population density and number of facilities in each state. This paper is organized in 5 sections, where section 1 summaries hazardous waste, section 2 give brief description about the past work on VIKOR and hazardous waste management, section 3 is followed by the methodology for analysis on hazardous waste, section 4 shows elucidation of data analysis and the final section explain the result and give views on improvement of hazardous waste in USA.
As recorded in the Annex III of the waste Framework Directive that waste is classified as being hazardous when it exhibitions one or more of the hazardous properties. The pertinent properties are gritty by property testing, concentration bases criteria. Where on other side, EPA (environmental protection agency) is essential to develop a National Hazardous Waste Management Plan that has esteem to the prevention and minimization of hazardous waste, the gathering and crusade of hazardous waste, the recovery of hazardous waste, disposal cannot be prevented or recovered. There are many facilities such as petroleum investigation, refinish, metal, mining, steel manufacturing etc. which are involved in generation of hazardous waste in USA (Reed et al., 2000) . Those waste cause negative effect on the workers' health, land, water, air, flora, fauna and neighborhoods. Some of the major cause of such effect are due to hazardous waste dumped illegally just outside the city, exposure of the neighborhoods and communities to abandoned or close to the waste as well as industrial facilities, major industrial hazardous waste transported to municipal landfills and not securely stored, inadequately treated industrial process waste water causes water pollution etc. (Reed et al., 2000) .
Hierarchy for decision making is the best methodology for managing any waste which addresses waste generated, received and managed waste, offsite shipping of hazardous waste, population density and number of facilities in each states of USA. Hazardous waste generation in each state are at various rates but with virtual views or looking at data of hazardous waste production that cannot decide the condition of hazardous waste management. To handle such complex decision making, multi-criteria decision making (MCDM) are worthful for making decision which cannot resolute straightforwardly. A summary equating the features of numerous MCDM methods and dealing with interdependent criteria as well local problems involving both quantitative and qualitative issues are explained by De Montis et al. (2000) . Decision makers in multifaceted decision situation involving multi criteria arising from social, economic and environmental consideration helped by MCDA in decision making process (Figueira et al., 2005; Hwang & Yoon, 2012; Saaty, 1980; Keeney & Raiffa, 1976) . Aiming at solving MCDM problems in which the weights of criteria are unequal using interval-valued fuzzy set concepts the interval-valued fuzzy VIKOR method is used (Vahdani et al., 2010) . To solve the MCDM problems with contradictory or non-commensurable criteria the VIKOR method was developed (Opricovic 2009 ). VIKOR is prevalent method pragmatic in multi-criteria analysis (MCA) but have delinquent in solving MCDM problems. Chang (2010) developed a modified VIKOR method to evade numerical difficulties in resolving glitches by traditional VIKOR method. To confirm the upgrading of solution efficiency, several synthetic experiments were designed. Even the finest solution cannot gratify all criteria when contradictory criteria exist (Opricovic & Tzeng, 2004; Tong et al., 2007) . VIKOR method and a hierarchy MCDM model created on fuzzy sets theory is proposed to deal with the supplier selection problems in the supply chain system (Sanayei et al., 2010) . To deal with the evaluation of service quality problems in the international airport, the combined concepts of VIKOR and grey relation analysis (GRA), a new fuzzy MCDM method was proposed (Kuo & Liang, 2011) . Tong et al. (2007) employs the VIKOR method which is a compromising ranking method used for MCDM and to optimize the multi response process.
Though VIKOR is beneficial tool for multiple criteria analysis but there are some glitches for which traditional VIKOR method has no solution (Hsu, 2008) . This study used the anticipated VIKOR method for the ranking of USA states according to the condition of hazardous waste. Factors which affect the wizard of hazardous waste such as waste produced, conventional & managed, dispatched offsite, received for transfer storage, population density and number of facilities in each state are taken for analysis. The objective of this study was to propose a ranking of state according to well managed hazardous waste and the worse managed, then rendering to result suggest the worse managed hazardous waste state to follow the well managed procedure for the improvement, illustrate lacking of worse manage state and effect of population on hazardous waste.
Methodology
The VIKOR method compromise ranking method used for MCDM and to optimize the multi-response process. It was originally developed by Duckstein & Opricovic (1980) to solve decision problems with contradictory and non-commensurable (different units) criteria, assuming that compromise is acceptable for conflict resolution, the decision maker needs a elucidation that is the closest to the ideal, and the alternatives are evaluated according to all established criteria. VIKOR ranks alternatives and determines the solution named compromise that is the closest to the ideal. The idea of compromise solution was introduced in MCDM by Po-Lung (1973) , and Zelrny (1973) . Opricovic (1990) named VIKOR acronym for "VIseKriterijumska Optimizacija I Kompromisno Resenje" that means Multicriteria Optimization and Compromise Solution, with articulation: VIKOR. The real applications were presented in 1998 (Opricovic, 1998) . Opricovic & Tzeng (2004) contributed to the international recognition of the VIKOR method.
The compromise-ranking method VIKOR is an applicable technique for MCA. It was developed for multi-criteria optimization in complex systems. The VIKOR method focuses on ranking and selecting from the alternatives with conflicting criteria (Tzeng et al., 2005) . Assuming that each alternative is evaluated according to multiple criterion functions, the compromise ranking is performed by comparing the measure of closeness to the ideal alternative (Opricovic 1998; Tzeng et al., 2002; Opricovic & Tzeng, 2004) . The compromise-ranking algorithm of the traditional VIKOR has following steps.
Step 1 
Where ij x = performance of alternative i
A
Step 2: Determine the maximum 
Step 3 i w are the weight of ith criterion, which represents the relative importance of criteria.
Step 4 (1 ) Where v is the weight for the strategy of maximum group utility and 1-v is the weight of the individual regret. 'v' is usually set to 0.5 (Kackar, 1985; Opricovic, 1998 ).
Step 5: Rank the alternatives by j Q . The greater the value of j Q is, the better decision of the alternative is. Since it provides a maximum group utility of the "majority" and a minimum individual regret of the opponent", the obtained compromise solution is acceptable by decision makers (Opricovic & Tzeng, 2007; Tong et al., 2007) .
Data Analysis
The massive majority of hazardous waste in the U.S. is treated or apt off on-site by the generator. For a developed country like U.S. hazardous waste is one of the major problems because as country move towards development, the rate of hazardous waste gears up due to manufacturing products, industrial waste or disposal, chemical use etc. The U.S. Resource Conservation and Recovery Act (RCRA) of 1978 stated that hazardous waste is such waste which causes threat to human health. To prepare sustainable hazardous waste management proposal researchers still have to give an effort to work out the elaborated design based on the resources accessible. Data of hazardous waste had been poised from RTKNet (Right to Know Network) and use of VIKOR made it convenient to discriminate condition of hazardous waste in each state of U.S. To make decision effective and satisfy the majority researcher have taken value of waste generated, received and managed, shipped offsite, received for transfer storage, population density and number of facilities for analysis as shown in Table 1 The basic structure of an MCDM problem established the 50 state of U.S. named 'A' and labeled as 'A1-A50' in Table 2 . In Table 1 , there are six criteria known as quantitative criteria which show the value of each criteria and those measure had been taken from RTKNet. Those variables are the main factors which affect hazardous waste management, where population density was derived from formula: total number of people in the state/ total area of the state in km (kilometers). The data is normalized between 0 and 1. Rendering to the Q values, ranking of each state is done with respect to analysis result of hazardous waste management.
Result
The final result had been shown in Table 2 , which revel VIKOR based method for the ranking states of USA according to the ailment of hazardous waste. Result illustrate that Ohio is ranked 1st in the well managed hazardous waste in comparison to other states. Ohio with 282.3 million population density of state with number of facilities 917 for hazardous waste management is ranked 1st but Texas with less population density (96.3 million) and high number of facilities (1020) is ranked 50th. Even having higher number of facilities to manage hazardous waste in comparison to the 1st ranked, Texas ranked last which shows that there is lack of management in hazardous waste. Similarly, Pennsylvania is ranked 2nd with population density of 283.9 million and having 853 number of facilities. In some cases such as Washington has maximum population density (9856.5 million) in comparison to other states with 420 facilities of hazardous waste. Washington is ranked 3rd and it seems that hazardous waste management is sound but still need improvement to get the top ranking. New York is ranked 9th, but it have maximum number of facilities (1476) in comparison to other states and having population of 411.2 million. This shows that even having maximum number of facilities but lack of proper hazardous waste management cannot be accomplished. Similarly in California 2nd highest number of facilities is 1269 with population of 239.1 ranked 4th. California has less population and highest number of facilities in comparison to Ohio (ranked 1st).
Conclusion
Environmental degradation is major problem in the recent world and a developed country like USA. For enhancing multi-response problems, some methodical processes have been developed in recent years but in this study a systematic technique is used that involves applying the MCDM compromise ranking method VIKOR to optimize what factors are contributing to the hazardous waste of a developed country like USA. The steps followed for the analysis are computing the population density and number of facilities in each state, finding value of VIKOR and optimal condition, carrying out and analyze result of hazardous waste. To optimize the multi-response process the VIKOR index considers the utility and regret measure.
Overall analysis result shows even having maximum number of facilities with less population or highest population with maximum number of facilities doesn't have substantial hazardous waste management. If there is proper management then even with maximum population with lowest facilities hazardous free environment can be constructed. The result from VIKOR model ranked the states of USA rendering to state of hazardous waste. It is believed that this ranking result will be helpful for the EPA (Environmental Protection Agency) to improve hazardous waste of USA. Result will be also helpful for the EPA and the government in decision making, financial management and their policy making.
